Layer-by-layer assembly of poly(ethyleneimine) and plasmid DNA onto transparent indium-tin oxide electrodes for temporally and spatially specific gene transfer.
The layer-by-layer assembly technique was used to adsorb alternately poly(ethyleneimine) and plasmid DNA onto the surface of a transparent electrode made of indium-tin oxide. The surface with adsorbed poly(ethyleneimine) and DNA was characterized by X-ray photoelectron spectroscopy, attenuated total reflectance Fourier transform infrared spectroscopy, and contact angle measurements. These analyses revealed that the alternate adsorption process generated a multilayered assembly of cationic poly(ethyleneimine) and anionic DNA. For the spatially and temporally specific gene transfer, cells were cultured on the plasmid-loaded electrode and then a short electric pulse was applied to the cell-electrode system. It was shown that, upon electric pulsing, the plasmid was released from the electrode and transferred into the cells, resulting in efficient gene expression even in primary cultured cells. Transfection could be effected for hippocampal neurons after 3-day culture on the plasmid-loaded electrode, which indicated the feasibility of selecting the time of transfection. Our results also showed that electroporation could be performed in a spatially specific manner by using a plasmid-arrayed electrode, demonstrating the feasibility of the method for the fabrication of transfected cell microarrays.